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Todays’ cities impose considerable climatic stressors, which can be hazardous for the health of 
residents. The climate-induced warming contributes to increasing health risks, in combination with 
particulate matter, solar radiation and humidity. Also, traffic noise is known to severely affect persons’ 
health. As increasingly more and older people are living in cities, it is of utmost interest to understand 
the combined effects of these stressors and to care for climate comfort in urban environments. The 
climate comfort of a city can be identified with objective physical and subjective values, although it is 
unclear whether humans are able to perceive stressors at all. The paper identifies relations between 
physical and perceived data to understand how weather and site comfort is defined for urban city 
dwellers. With an integrative interdisciplinary method, the human perceptions of natural climate stress 
factors in cities are analyzed. This is important to identify persons’ thresholds for urban stressors. Also, 
the identification of critical areas and points in time in which the environmental load is adverse or even 
hazardous for dwellers is an important goal. Further, it would allow a more sensitive and individually 
tailored information and communication policy for communes, dwellers, visitors and city planners 
likewise. Future work will aim a combined stress index for cites and urban planning, which includes the 
actual data in combination with perception and sensation of humans. A sustainable way of modeling 
new city areas will increase the population flow towards green urban areas. 
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1. Introduction  
We live in a world in which the majority of the population lives in urban city areas soon, due to the increasing 
population and urbanization (UN, 2012). This trend of urbanization is a central phenomenon of global 
development, wherefore new strategies and concepts are needed to create healthy, sustainable and livable 
cities. The population of the future cities is also on the edge of a demographic shift. It is predicted that by 
2050 the elderly population (age >60) will double up to 22% (Hong, 2013). This aging and urban society 
needs to develop ways to overcome the expected increasing climatological changes in future: changing 
mean and extremes of temperature and precipitation (Mittal et al., 2013, Franck et al., 2013). An important 
step to face these changes is the development of adaptation strategies in respect to the aging society, which 
will struggle otherwise with heat stress, noise and air pollution in their urban environment.  
Climate and weather conditions have been found to considerably affect health perception and physical 
comfort (Basu & Samet, 2002, Fischer & Vliert, 2011, Keatinge et al., 2000), especially the heat stress with a 
high seasonal and annual variability has been discussed for quite a long time as a severe health threat in 
urban environments (Mayer & Höppe, 1987, Kovats & Haja, 2008, Luterbacher et al., 2004).  
In general, the climate-induced warming contributes to increasing health risks, leading to increasing 
morbidity and mortality. High temperature has adverse effects on admissions for respiratory as well as to 
cardiovascular diseases (Haines et al., 2006). This can also be seen for elderly, which are sensitive to 
environmental stressors (Kenny et al., 2010). The impact of thermal comfort will not only be seen on persons 
with physical handicaps, healthy persons will also be affected in their behavior (Haines & Patz, 2004, Haines 
et al., 2006, McMichael et al., 2006). There is evidence that older people prefer to live in warmer 
environments; furthermore the mortality rate increases in extremely cold periods (Young & Lee, 1997), and 
environmental noise has a strong impact on health impacts (WHO, 2011). Reaching a point of an overall 
thermal comfort and keeping that level is a central goal of future and spatial planning.  
There are indexes like the UTCI, which are taking measureable climate elements into account (Fanger, 
1972, Jendritzky et al., 2009, Jendritzky et al., 2012), but all mentioned possible effects show the need for 
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transformation and adaption in our daily environment. Even if there are studies, which compare objective 
comfort indices (based on physical measurements) and subjective comfort perception (e.g. Nikolopoulou & 
Lykoudis, 2006), the integration of subjective measures as a structural component into the urban comfort 
definition is missing. There might be several reasons why this has not been accomplished so far. It is unclear, 
for example, whether objective stressors in an urban environment agree with stress perceptions. 
Nevertheless, psychophysical correlations between objective stimuli and human perception are captured 
more easily in an experimentally controlled lab environment compared to such given in a normal 
environment. For a closer look the psychophysical observation in a natural environment and “daily-life” 
situation is needed.  
While there is physical evidence, that particulate matter, thermal stress (Lafortezza et al., 2009), traffic 
noise (Stienen et al., 2015), wind speed, humidity and solar radiation (Stathopoulos et al., 2004) are serious 
issues for humans health in cities, not all dwellers show the same sensitivity or awareness for those 
stressors (Shirom et al., 2000). In addition, the perception of these stressors might be different depending on 
the size of the city, the attractiveness of the landscape or the specific reason of people to be there, e.g. one 
time visit (as a tourist), short-term living (as students) or long-term living (as families or seniors).  
Moreover, the individual physical state (Gannon et al., 1989, Mahdieh Abkar et al., 2010), as well as age 
or gender might be influential factors, which could considerably modify the stress perception within urban 
environments; but, the influence of psychological factors on comfort perception is insufficiently explored 
(Nikolopoulou et al., 2001). Another major motivation for the chosen holistic procedure is that many of the 
urban stressors are more or less subliminal, not noticeable as individual impact, but possibly as combination 
of stressors. To understand what urban comfort is in the perspective of dwellers and how it can be supported 
by information and communication strategies, or communal policies, it seems indispensable to combine the 
typical variations of urban stresses with the human perceptions. 
 
2. Questions addressed and logic of exploratory approach 
The present work focuses on urban stressors and human perceptions in a natural city environment. A 
middle-sized European city was chosen as research site for our measurement campaign, in order to gain 
first insights from an “average” city model, which is comparable across countries and not characterized by 
extreme whether volatilities. The inner urban research site is a public green area (2 ha large) and might 
represent different functions for passengers, as it is an inner city park, a main hub for public transportation, 
shopping and cultural sights. All test subjects were not preselected, but rather coincidentally interviewed at 
the measurement area to meet requirements of ecological validity. The measurement campaigns were 
carried out between 10am and 5pm during weekdays to capture the daily life of dwellers at different inner 
urban points of interest. As seasons might be impacting evaluations in addition, we collected data in winter 
and summer (Stienen et al., 2015).  
With an integrative method, which has been adapted from another recent approach (Vlachokostas et al., 
2012, Nasir et al., 2012), the exposition of humans to combined stresses is the major challenge, especially 
as single stressors might affect health and wellbeing without reaching the perception threshold. We used an 
interdisciplinary approach to collect actual data of air quality, temperature, particulate matter, solar radiation 
and noise as well as perceptions and sensations of residents of the city. In addition, we analyzed age, 
gender, self-reported levels of physical constitution and mood of respondents by interview-based 
questionnaires. The following research questions (RQ) were pursued (Figure 1): 
 
1. Is there a relation between physical stressors and assumed perceptions? 
2. Which psychophysical data determines global weather comfort (a) and on-site comfort (b)? 
3. Are there seasonal influences (summer (a) vs. winter (b)) on humans’ stress perception? 
 
3. Method 
The empirical approach reported was based on two measurement campaigns, which were conducted in 
February and July 2014 to identify seasonal and daily differences in both perception of dwellers and physical 
data. Acoustical and meteorological influences were carried out with a mobile weather station with 
independent power supply. A mixed method interview study with on-site users was carried out in order to 
identify perceptions, perceived comfort, climate and sound.  
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Physical measurements: For analyzing the acoustical surroundings, sound pressure level at high temporal 
resolution, enabling evaluation of noise levels (and psychoacoustic loudness) at arbitrary time segments in 
the particular location have been carried out. At the same time, physical measurements were conducted for 
meteorological data (solar radiation (°C), air temperature (°C), humidity (%) and particulate matter (PM10)). 
 
	  	  
Figure 1. Research model.  
Perception measurements: In face-to-face interviews with dwellers, demographic data as well as 
information about the individual social and living situation were assessed. Also, the position of every 
participant was noted, whether he was sitting or staying in order of perception of climate. Second, the 
perception of own comfort, acoustical surroundings and meteorological perceptions (see Table 1) were 
questioned.  
 
Table 1. First part: Example item of acoustical questions (1 = min., 5 = max.). Second part: Example items of 
meteorological questions (1 = min.  6 = max.). 
Acoustical questions: How do you perceive the acoustic environment at this very location?  
Loud or quiet? quiet rather quiet neutral rather loud loud 
Scale 1 2 3 4 5 
Meteorological questions: How do you perceive the meteorological aspects at this very location and moment? I 
perceive … as …  
sun’s warmth 
 
very hot hot rather hot rather cold cold very cold 
today’s 
temperature 
 
very 
unpleasant 
 
unpleasant rather 
unpleasant 
rather 
pleasant 
pleasant very 
pleasant 
today’s humidity 
 
very 
unpleasant 
unpleasant rather 
unpleasant 
rather 
pleasant 
pleasant very 
pleasant 
Scale 1 2 3 4 5 6 
 
Respondents: Overall, 337 participants took part in the two measurements. The age range spans from 10 to 
95 years (M=34.9; SD=18.1), with 47.6% men and 52.4% women. In winter n=149 dwellers took part in the 
questionnaire, with 46.9% men and 53.1% women. In summer n=188 dwellers participated, with 48.1% men 
and 51.9% women. For further statistical analysis, the subjects were also divided into three age groups: 
young (10-20 y., n=62), middle (31-45 y., n=78) and old (65+ y., n=52).  
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Procedure: During summer und winter, an interdisciplinary team was launched in the measurement area to 
conduct on-site interviews next to live-data acquisition (Figure 2). Respondents volunteered to take part 
spontaneously and gratuitously. 
 
 
 
Figure 2. Examples of on-site interviews (left side: summer campaign, right side: winter campaign).	  
4. Results  
Data was analyzed by using bivariate correlation analyses (spearman rank) in order to determine the 
psychophysical relationship between urban stressors and the related perception (RQ1). In order to 
understand which of the psychophysical measures determine the global perception of “weather comfort” 
(how (un)pleasant is the weather today) as well as “on-site comfort” (how is the climate comfort at this place), 
a correlation analysis was also performed (RQ2). Finally, multivariate ANOVAs (RQ3) analyzed the question 
if climate stressor perception depends on the season. The significance level was set at 5%. 
 
4.1    Relationship between physical stressors and related perceptions (RQ 1) 
A first analysis was directed to the question if dwellers and visitors of city might be able to fairly evaluate the 
objective climate conditions. Taken both seasonal measurement campaigns into account, we correlated the 
physical parameters (solar radiation, air temperature, humidity, particulate matter, noise) with the respective 
perceptions (sun, temperature, humidity, noise). If a perfect coincidence between variations of physical 
stressors and perceptions would be present, then significant correlations should show up in the grey shaded 
fields - and only there (if relations are specific). Table 2 shows the psychophysical correlations between 
physical data and associated perceptions. 
 
Table 2. Psychophysical correlations between physical data and associate perceptions. N=337.  
* sig. level <0.05  
** sig. level <0.01  
Perception 
Sun 
Perception 
Temperature 
Perception 
Humidity 
Perception 
Loudness 
Air 
temperature 
Humidity Solar 
radiation 
Particulate 
matter 
Noise 
Perception Sun 1 -.02 .07 .09 -.54** .48** -.56** -.28** .09 
Perception 
Temperature  1 .26** -.11* -.04 -.09 -.04 .06 .05 
Perception Humidity   1 -.06 -.05 .10 -.04 -.12* .07 
Perception Loudness    1 -.10 .30** -.09 -.10 .17** 
Air temperature     1 -.48** .97** .21** -.01 
Humidity      1 -.44** -.18** .11 
Solar radiation       1 .22** -.02 
Particulate matter        1 -.19** 
Noise         1 
 
What can be seen from Table 2, significant psychophysical correlations were identified (solar radiation r=-
.56; p<.05), noise (r=.17; p<.05) but also non significant psychophysical relations (air temperature, humidity, 
particulate matter). In addition, significant correlations across perceptions and physical measures were 
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revealed (bold values in Table 2) showing that dwellers were not able to determine the adequate perceptions 
caused by the specific physical stressors. 
 
4.2    Which psychophysical data determines global weather comfort and site comfort (RQ 2) 
It was of special interest what – from a psychological point of view – forms the global perception of weather 
comfort (as well as site comfort). Thus we analyzed which of the measured physical and perceptual factors 
correlate with the global evaluation of weather and climate. In order to control for individual response biases, 
we controlled age and gender effects. The outcomes are pictured in Figure 3. It becomes obvious that 
dwellers have a quite distinct mental model of “weather”. It comprises both, physical and perceptual 
components (indicated by blue lines in Figure 3). The fact that “noise” is not showing significant relations for 
the weather perception reflects the reliability of dwellers’ responses. The perception of site comfort (indicated 
by green lines in Figure 3) entails three major perceptual factors (noise, humidity and temperature) and one 
physical stressor (humidity). Individual response biases were not found (except the higher sensitivity of 
women towards noise exposure (Stienen et al., 2015).  
 
	  	  
Figure 3. Physical factors (white boxes) and perceptual factors (grey boxes) are shown by their correlations to global 
evaluations of weather comfort and on-site comfort (* < 0.01, ** < 0.05).  
4.3. Are there seasonal influences on stressors’ perception? (RQ 3) 
A final analysis regarded seasonal effects on physical stressors (RQ 3a). MANOVA analyses showed that 
seasons had a significant effect on all physical stressors (noise: F(1,241)=18.4; p<0.05; particulate matter: 
F(1,241)=27.7; p<0.05; air temperature: F(1,241)=237.7; p<0.05; humidity: F(1,241)=183,9; p<0.05; solar 
radiation: F(1,241)=182.2; p<0.05). In Figure 4, seasonal differences in physical measures are visualized. 
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Figure 4. Overall ratings of physical measurements (left bar: winter data, right bar: summer data). 
The second analysis regarded season effects on perceptions (RQ 3b, Figure 5). MANOVA analyses 
revealed a significant omnibus effect for seasons (F (1,173)=15.3; p<0.05), showing that also perceptions 
differ between summer and winter. When looking into the single ANOVA analyses, it can be seen that not all 
perception data reached significance. The global perceptions of “weather is comfortable” and “the site is 
comfortable” have not been evaluated differently, but showed comparable positive evaluations (Figure 5, on 
the left and second left). From the specific psychophysical evaluations, the perception of sun (F(1,178)=80.1; 
p<0.05 , the perception of air temperature (F(1,178)=7.21; p<0.05) as well as perceived noise (F(1,178)=3.9; 
p<0.05) were judged differently between winter and summer. Humidity in contrast, though physical 
differences were indeed present, was not perceived differently across winter and summer. 
 
 
 
Figure 5. Overall ratings of participants’ perceptions (left bar: winter data, right bar: summer data). 
5. Discussion and Conclusion 
Three research questions were guiding this exploratory work on human perceptions of climatological and 
acoustic stress factors in urban environments.  
Firstly, it was of interest if real physical stress factors prevailing in cities do evoke a specific and 
appropriate perception. If so, this would enable dwellers to behave self-determined and stressor sensitive, 
according to their health needs (e.g. avoiding outdoor activities in urban environments in hazardous periods). 
If the psychophysical relation is low then specific information and communication policies could be launched 
in order to raise awareness for such urban stressors. We found out, that the psychophysical relation is 
indeed low. Even though, some stressors were noticeable for dwellers, leading to an appropriate perception, 
but many other perceptions were not specifically corresponding to other physical stressors. Thus we can 
conclude that dwellers or at least the healthy and unrestricted sample of the measurement campaigns do not 
have adequate stressor perceptions. Secondly, we analyzed the question which of the sensations and 
stressors relate to a global evaluation “comfortable weather” or “comfortable site”. To develop a global value 
for “climate comfort” it can be seen that the evaluations could be reliably referred to both, physical stressors 
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and perceptions. This, shows in contrast to the first findings that persons do “feel” the weather and on-site 
comfort. However the evaluation is based on more information sources than a single relation between one 
stressor and one percept, rather a cluster of psychophysical stressors that form the overall judgment of 
weather comfort. The third research question directed the impact of seasons. It was of interest whether 
physical stressors, which might be different in summer compared to winter, actually influence the appropriate 
perceptions. It could be shown that the differences in warmth (according to temperature and solar radiation), 
but also differences in noise could detected/sensed. Contrastingly humidity did significantly differ in summer 
compared to winter, (and was comparable across seasons) could not be sensed/detected. Apparently, 
humans might have a higher experience in “feeling” warmth in contrast to seasonal humidity.  
It is a noteworthy finding that the global estimations “weather comfort” and “on-site comfort” did not 
show any seasonal differences. Despite of the different physical stressors influencing in summer and winter, 
the judgment of comfort is not affected by seasonal differences. On the basis of the present findings it cannot 
be fully explained why global values are so insensitive, but we could speculate that those judgments are 
framed to a lesser extent by physical stressors, but rather by the emotional satisfaction with the current 
climate conditions. The latter is taken from the fact that evaluations of weather comfort and on-site comfort 
reached high positive evaluations across seasons (about 5 out of 6 points max). Apparently, weather and on-
site judgments are socially contextualized rather than based on physical sensations. Even though this is 
quite positive from a dwellers’ perspective, from a medical or health related perspective this is a difficult if not 
dangerous finding. In particular frail and climate-sensitive dwellers should be informed and guided whenever 
hazardous weather and climate conditions in urban environments are prevailing.  
Overall, it can be concluded that the understanding of human perceptions of environmental stressors is 
important to reach long-term as well as short-term goals: On the one hand the identification of individual 
thresholds for urban stressors are a long-term goal, especially in case of a discrepancy of perception and 
physical data. On the other hand, the identification of critical areas and points in time in which the 
environmental load is adverse or even hazardous for dwellers is a short-term goal. This would allow a more 
sensitive and individually tailored information and communication policy for communes, dwellers, visitors and 
city planners. 
 
6. Limitations and future work 
Even though the study and the holistic methodological approach provided interesting insights into human 
perceptions of stressors, naturally this work is only a first step into a complex setting, which needs further 
research. A next research duty regards the impact of user diversity and the individual perceptions of 
combined stressors. Beyond age and gender, which represent only unspecific categories of user diversity 
anyway, humans might differ regarding their individual physiological sensitivity as well as cognitive 
awareness and coping behaviors for climate conditions. The health status of dwellers should be taken into 
account. A second research question is the impact of different motivations for living in or visiting a city on 
climate perceptions. It could result in a new understanding, if persons are on leisure trips in a city, 
accompanied by friends or if dwellers are on their daily way to their employment. Here the social cartography 
of cities should be addressed. Also, we will have to replicate the findings with measurements in similar-sized 
and geographically similar located cities (e.g. Muenster, Germany) or with megacities (as e.g. Berlin, 
Germany), which differ not only in the size and geographic location, but also in the overall halo as attractive, 
pleasurable and worth-seeing city. Finally, it will be interesting to see if the same geographic location in one 
city is evaluated differently depending on the function of the relative location. Here, a crowded street with 
traffic noise and an adjacent green space could be an interesting comparison. In this case, both locations 
(inner urban green space and street with public transport) have the very same location and similar physical 
stressor conditions, however, the role and function of the location is completely different.  
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